This study was performed to determine the potential of tropical intertidal biofilm bacteria as a source of novel exopolymers (EPS).
INTRODUCTION 71
Bacteria live predominantly associated with surfaces as biofilm communities in natural and man-72 made environments in both terrestrial and aquatic settings (Costerton et al. 1981 ; Guezennec et 73 al. 1998; Stoodley et al. 2002) . This life style has often been interpreted as an ecological strategy 74 to cope with physical and chemical stress. Marine biofilms have been shown to play key 75 ecological roles sustaining populations of sessile invertebrate grazers (Thompson et al. 2000) and 76 cycling carbon and nitrogen (Magalhães et al. 2003) . 77
78
Recently, marine biofilms have also attracted attention due to their biotechnological potential. 79 Vincent et al. (1994) and Raguenes et al. (1996) psychrophilic Pseudoalteromonas species isolated from sea-ice microbial communities in the 87 Antarctic, produced a highly anionic extracellular polymers (EPS) (Mancuso et al. 2004) . A 88 common feature of these studies is that they have been carried out using bacteria isolated from 89 biofilm communities exposed to extreme conditions. These studies have hypothesized that 90 environmental stress such as high barostatic pressure, large temperature gradients and high 91 salinity, among other factors, select for novel microorganisms capable of producing unusual 92 exopolysaccharides. transform infrared spectroscopic analysis (FT-IR) was performed according to Suci et al. (1997) . 209
Spectra were acquired with a 4 cm -1 resolution in the 4000-400 cm -1 region, using a Nicolet 210
Magna 460 FTIR spectrometer with a deuterade triglycine sulfate (DTGS) detector in the 211 9 transmission mode. Compressed tablets were prepared by mixing 2 mg of EPS with 100 mg of 212 KBr. Spectra were corrected for KBr background using the OMNIC software. were visualized under UV light after electrophoresis on a 0.8% (w/v) agarose gel containing 240 ethidium bromide. PCR products were cloned using the pGEM-T-easy cloning kit and chemically 241 competent Escherichia coli JM109 cells, according to the manufacturer's protocol (Promega) . 242
The clone library was screened by direct PCR amplification from a colony using the vector 243 specific primers SP6 (5'-ATTTAGGTGACACTATAGAA-3') and T7 (5'-244 TAATACGACTCACTATAGGG-3') and the same reaction conditions as described above, was 245 used. A plasmid containing the right length insert was isolated using the kit Wizard Plus SV 246
Minipreps DNA Purification System (Promega) as described in the protocol. Purified plasmids 247
were sent for sequencing to Genome Express (Grenoble, France). Cellular fatty acid methyl ester (FAME) analysis. These strains were grown and the 263 phospholipids were extracted and derivatized for FAME analysis using gas-liquid 264 chromatography following the manufacturers' instructions (Sherlock Microbial Identification 265 System; MIDI, Inc., Newark, Del.). 266
267

RESULTS
268
Screening of EPS-producing bacterial isolates 269
A total of 34 bacterial isolates, randomly taken from MA plates inoculated with different types of 270 biofilms from an intertidal tropical rocky shore, were screened for EPS production on both 271
Marine Agar (MA) and MA amended with glucose (MA + glucose). Most of the mucoid isolates 272 were obtained from epilithic (rock surface) biofilms. Out of these 34 isolates, 11 strains 273 developed as mucoid colonies; this was particularly the case of colonies grown on MA + glucose. 274
These 11 isolates were obtained from copper surfaces (41%), epilithic biofilms (27%) and 275 epiphytic biofilms (27%), respectively. 276 277 Seven isolates (MC6B-02, MC1B-03, MC3B-10, MC3B-13, MC6B-22, MC6B-28 and MC1B-278 32) showed a more abundant growth on agar plates than the rest of the isolates and/or grew well12 in liquid medium. No correlation was seen between isolates exhibiting good growth in MA plates 280 and marine broth (Table 1) . 281 282 These isolates synthesized varying concentrations of EPS, whose chemical composition also 283 varied (Table 2) . Protein levels were in general high, except for strain MC6B-22 (8.9%). Neutral 284 sugars also tended to dominate in the sugar profiles of EPS from most isolates. Significant 285 concentrations of acid sugars were seen in EPS from isolate MC3B-10 (9.1%) and MC6B-22 286 (14.7 %). Hexosamine content was highly variable among the isolates, but strain MC6B-22 287 produced an exopolysaccharide with unusually high concentrations of this monosaccharide 288 (21.1%). 289 290
Bacterial identification 291
The identification of isolates MC6B-22 and MC3B-10 was carried out using both 16S rDNA 292 sequencing and whole-cell fatty acid analyses. Both isolates were Gram positive organisms that 293 displayed mucoid colonial phenotypes. Strain MC3B-10 displayed a strong orange pigmentation 294 when grown on MA plates. However, an enhanced phenotype of the colonies exhibiting an even 295 stronger pigmentation, were seen when they were grown on plates of MA amended with glucose. 296
In turn, isolate MC6B-22 produced opaque, irregular colonies. 297 298 Phylogenetic analysis based on the 16S rDNA sequences placed these strains as members of the 299 genus Microbacterium (MC3B-10) and Bacillus (MC6B-22). Strain MC3B-10 was closely 300 related to Microbacterium trichotecenolyticum, M. flavescens and M. kitamense (Fig. 1) 
Characterization of exopolymers 307
The screening of isolates implemented in this study showed that strains MC3B-10 and MC6B-22 308 presented the most interesting properties. Therefore, they were retained for further 309 characterization studies. GC analysis of monosaccharides as per-O-trimethylsilyl 310 methylglycosides of these polymers is given in Table 3 . Glucose predominated in the neutral 311 sugar fraction of both polymers, although this sugar represented a higher proportion (25%) of the 312 total monosaccharides in the EPS MC3B-10. Lower levels of galactose and mannose were 313 detected in both EPS. Rhamnose was found only in EPS MC3B-10 in small amounts. Both 314 polymers possessed uronic acids (galacturonic acid and glucuronic acid) and hexosamines (N-315 acetyled glucosamine), but the concentrations of the latter compound were significantly higher in 316 the EPS synthesized by isolate MC6B-22. 317
318
The FTIR spectrum of the polymer produced by isolate Microbacterium sp. MC3B-10 displayed 319 a broad O-H stretching band at 3421 cm -1 and at an intense band at 1070 cm -1 , typical of 320
carbohydrates. In addition, bands at 1650 and 1550 cm -1 were also detected. No doublet at 1250 321 and 1230 cm -1 , indicative of the presence of ester sulfate groups, was seen (Fig. 3) . On the other 322 hand, the XPS spectrum (Fig. 4) 
657
Halobacillus halophilus was used as outgroup. Hydrocarbons: 1) n-hexane; 2) n-octane; 3) n-hexadecane.
Triton X-100 Tween 80 MC3B-10
